capsular contracture, breast distortion, infection, parenchymal atrophy, and fat necrosis [4] . Efforts to better understand the relationship between these radiation related morbidities and various patient/treatment factors have been investigated in an effort to improve surgical and aesthetic outcomes. The nature of the reconstruction has also been postulated to influence outcomes following radiation therapy. Adverse events may be more pronounced following device-based reconstruction when compared to autologous-based reconstruction in the setting of radiation therapy [5, 6] . Although, autologous reconstruction appears to tolerate radiation better than prosthetic reconstructions with a lower incidence of major corrective surgery, the late adverse events associated with autologous reconstruction are difficult to correct [6, 7] . In addition, autologous reconstructions have a decreased rate of reconstructive failure when compared to devicebased reconstructions alone [8] .
The timing of breast reconstruction relative to PMRT is another important factor impacting outcomes. With the anticipation of radiotherapy, immediate (pre-radiation) breast reconstructions using autologous tissues or prosthetic devices may be associated with higher rates of complications [9] . Despite some reported success [5] , immediate autologous reconstruction has been criticized for compromising delivery of PMRT and facilitating flap related adverse events such as skin contracture, parenchymal induration, fat necrosis, and hyperpigmentation. These outcomes may compromise breast symmetry and often lead to aesthetically inconsistent results [10, 11] . Post-radiation changes are often difficult to correct, may require multiple revision procedures, and can adversely affect aesthetic outcomes.
There are many women that desire autologous reconstruction but may require post mastectomy radiation therapy. The question is whether to perform the flap immediately following the mastectomy or in a delayed basis following the radiation. The advantage of immediate reconstruction is that the skin envelope is preserved and aesthetic outcomes are usually enhanced. The advantage of delayed reconstruction is that there is no impedance to radiation delivery and it does not impede recurrence detection nor does it affect overall survival in the event of local regional recurrence [3] .
In an effort to preserve native breast skin, improve aesthetic outcomes, and minimize challenges associated with radiation delivery, the concept of delayed-immediate reconstruction (DIR) was proposed by Fine and reported by Kronowitz et al. [12] in 2004. When radiation therapy is anticipated, a tissue expander is inserted to preserve the mastectomy skin envelope and to maintain the breast pocket. The volume of the tissue expander can be adjusted as needed during the radiation delivery. Following radiotherapy, the tissue expander is removed and replaced with autologous tissue. The advantage of this approach is that the flap will remain soft and supple without the associated changes typically seen with autologous tissue that has been directly radiated; while at the same time, radiation delivery is not impeded.
With established safety and efficacy of the DIR algorithm [13] , it is important to consider whether aesthetic outcomes are actually improved using this algorithm. To date, no study has directly compared aesthetic outcomes utilizing objective measures and multiple, blinded raters. The purpose of this study was to investigate the aesthetic outcomes of both delayed and DIR in patients receiving postmastectomy radiation therapy.
METHODS
An Institutional Review Board-approved, retrospective analysis was performed of patients who underwent autologous breast reconstruction by the senior author (M.Y.N.) from 2005 to 2011. Medical charts were reviewed to identify all patients who underwent autologous reconstruction in a delayed or delayed immediate fashion following mastectomy. Evaluating only those patients that had radiation therapy, the total number of delayed reconstructions was 99 and the total number of delayed immediate reconstructions was 53.
Medical records were reviewed for each of these 106 patients to collect demographic, operative, and postoperative data. Photographs routinely taken at each office visit prior to and after all surgical procedures were obtained; however, only 42 patients had documented 3-view photographs taken at least 6-months following surgery. Of these 42 reconstructions, 20 patients underwent a unilateral, delayed autologous breast reconstruction and 20 patients underwent a unilateral, DIR. Frontal photographs for each of these 40 patients were arranged in an arbitrary order for a slideshow consisting of both the delayed and delayed immediate cohorts. Fig. 1 demonstrates representative, singleview photographs taken 6 months following DIR while Fig. 2 depicts the same following delayed reconstructions. Images were displayed, one at a time, by an individual who had no knowledge of the patients and presented to 10 non-biased reviewers who also had no knowledge of the patients. These reviewers consisted of pediatric nurses who were asked to evaluate the selected outcome parameters using a 5-point Likert scale. The outcome parameters included skin quality, scar formation, superior pole contour, inferior pole contour, and overall aesthetic outcomes (Table 1) . Following the administration of the survey, scores were linked to each corresponding patient. Data were pooled for each cohort to compare outcomes between treatment arms. Statistical Analysis Software was used to conduct two-tailed Student's T, Fisher's Exact, and Wilcoxon-Mann-Whitney tests as a comparative analysis between outcomes and treatment factors.
RESULTS
Patient demographics were not significantly different between the delayed (n = 20) and delayed immediate (n = 20) patient cohorts ( Table 2 ). The mean patient age was 51 years with a mean body mass index (BMI) of 28 kg/m Frontal photographs taken six-months following delayed reconstruc tions prior to nipple reconstruction for patients who received the highest (A), average (B), and lowest (C) scores within this cohort. Frontal photographs taken six-months following delayed-immediate reconstructions prior to nipple reconstruction for patients who received the highest (A), average (B), and lowest (C) scores within this cohort.
Fig. 2. Delayed reconstruction

Fig. 1. Delayed-immediate reconstruction
The mean time interval from mastectomy to final reconstruction was 21 months (range, 9−60 months) in the delayed cohort and 10 months (range, 6−18 months) in the delayed-immediate cohort. Complications following the first-stage of reconstruction were 8.5% and 10.8% in the delayed and delayed-immediate cohorts, respectively. In the delayed immediate treatment group there was a 50% infection rate, 25% skin necrosis rate, and 25% seroma rate. Following a mastectomy without tissue expander placement in the delayed cohort, complications included 10% infection, 20% skin necrosis, and 40% seroma. Based on overall aesthetic outcomes, the delayed-immediate cohort scored statistically superior to the delayed cohort in all 5 items measured by the Likert-scale survey (Table 3 ). Specific differences included skin and scar quality that was rated significantly higher in the delayed-immediate cohort (3.74 vs. 3.05, P < 0.001 and 3.41 vs. 2.79, P < 0.001; respectively). Contourrelated parameters related to superior and inferior poles were significantly improved in the delayed-immediate cohort (3.67 vs. 2.96, P < 0.001 and 3.84 vs. 3.06, P < 0.001; respectively). When graded purely on overall aesthetic score, the delayedimmediate cohort scored higher than the delayed cohort (3.84 vs. 2.94, P < 0.01).
Final aesthetic outcomes were assessed on a 2-value scale; good and adequate. Patients were determined to have a "good" aesthetic outcome if the average, overall aesthetic score was between a 4 and 5. Patients that scored between 2 and 3.9 had an "adequate" overall aesthetic result. No patients scored less than 2.
Given the small sample size, results were combined between the DR and DIR cohorts to uncover associations between patient or treatment variables and ultimate aesthetic outcomes regardless of the timing to a given reconstruction. Overall, 22 patients achieved a good overall aesthetic result and 18 patients achieved an adequate overall aesthetic result (Table 4) . Smoking was the only variable found to have a statistically significant effect and was associated with lower overall aesthetic outcome scores. There were 12 patients (30%) who reported a history of smoking within 3 months of their mastectomy. Two of these patients achieved a good aesthetic result following autologous breast reconstruction while 10 achieved an adequate result, P = 0.05. None of the patients reported an active smoking history at the time of their reconstruction. Alternatively, breast laterality, the type of autologous reconstruction (DIEP vs. muscle sparing [MS] TRAM), BMI over 30 kg/m 2 , or the development of a complication within the initial 30-day postoperative period did not have a statistically significant impact on aesthetic outcomes. There were two postoperative complications that included a superficial cellulitis that was noted on post-surgical day nine and a seroma that developed 2 weeks following surgery. These were managed with oral antibiotic therapy and aspiration respectively.
Within a given treatment cohort, associations between patient or treatment factors and aesthetic outcomes were explored (Table 5 ). For patients in the DR treatment group, there were no statistically significant differences in patient or treatment factors between those who achieved a good versus those who achieved an adequate aesthetic outcome. Alternatively, the time between radiation therapy completion and autologous breast reconstruction was found to significantly affect aesthetic outcomes in the DIR treatment algorithm. All patients who underwent an autologous reconstruction within 90 days of finishing PMRT scored lower in their overall aesthetic score compared to those who completed their reconstruction greater than 90 days from radiation therapy, P = 0.04. 
DISCUSSION
Post-mastectomy radiation therapy has been associated with an increased incidence of complications in the setting of breast reconstruction [14] [15] [16] . Momoh et al. [16] demonstrated a 40% complication rate following delayed autologous breast reconstruction in the setting of PMRT while only 20% of patients developed a complication in the absence of radiation therapy, P = 0.002. One of the main adverse events in the radiated patients was incisional dehiscence that occurred in 11% of patients following radiation and in 3% of patients that were not radiated, P = 0.05. Despite the negative effects of PMRT on autologous and device-based reconstructions, autologous tissue has been reported to tolerate radiation more favorably than device-based reconstructions [17] .
Post mastectomy radiation can also adversely affect aesthetic outcome following reconstruction. In a retrospective review, Roostaeian et al. [18] demonstrated significantly lower aesthetic scores as judged by a panel of blinded observers, in the setting of radiotherapy (P = 0.047), breast size equal to or great than a Dcup (P = 0.018), and grade 2 ptosis (P = 0.017) following immediate, implant-based reconstructions. The effect of radiation on aesthetic outcomes following delayed versus delayed-immediate autologous reconstructions remains uncertain. Proponents of the DIR opine that improved aesthetic results are obtained because the natural breast landmarks such as the inframammary and lateral mammary fold are preserved, the breast pocket is maintained, and the additional native breast skin will enhance the ability to obtain a more natural breast shape and contour.
Based on our review of the literature and the PubMed database, this is the first study comparing aesthetic outcomes following delayed and delayed-immediate autologous reconstructions. The main findings included improvement in scar and skin quality in the DIR cohort for which there are several explanations. The importance of scar positioning and skin preservation are vital components for optimizing aesthetic outcome. The ability to preserve some of the native breast skin in the upper pole of the reconstructed breast will allow for a more inferiorly placed incision enabling the scars to be more optimally positioned and preserving natural breast aesthetics. In addition, the superior aspect of the flap can be positioned superiorly on the chest and under the remaining mastectomy skin leading to a more favorable chest wall to breast transition. Inferior pole contour is also improved following DIR reconstruction because less of the lower pole skin is excised thus preserving the natural inframammary fold and facilitating the creation of a more ptotic breast.
There are other factors that can affect aesthetic outcomes in the setting of mastectomy, radiation, and reconstruction. Variations in PMRT include the timing of radiation therapy, delivery method, boost dose administration, fractionation, and overall dose delivered. In particular, the timing between radiation and reconstructive surgery may affect ultimate outcomes. Recent investigations suggest that the optimal timing of a delayed autologous reconstruction is approximately 12 months following radiation [19] . Our study demonstrated aesthetic results were compromised when the reconstruction was completed within 3 months from the completion of radiation therapy. This may be the result of prolonged inflammatory changes to the skin following radiation that may adversely impact healing and scaring when the reconstruction is performed too early. Despite our observations, Momoh et al. [16] failed to identify a statistically significant difference in complications between patients who were reconstructed in less than six months, six to twelve months, or greater than twelve months from PMRT.
Smoking and obesity are known to increase complication rates in the setting of breast reconstruction; however, these co-morbidities are not absolute contraindications for breast reconstruction. In this study, smoking was demonstrated to significantly decrease aesthetic outcomes for both the DR and DIR cohorts. However, this study failed to identify a difference in outcomes relative to obesity. This is in contradiction to a previously published prospective analysis of 624 free-flap breast reconstructions that demonstrated higher rates of donor site wound healing complications in active smokers and greater numbers of total flap loss in obese patients [20] . Berry et al. [17] retrospectively reviewed autologous tissue and implant-based reconstructions in 1,037 patients and found no effect of smoking, hypertension, or chemotherapy on ultimate reconstructive outcomes. They were able to demonstrate, however, that age and a BMI over 30 were significantly associated with increased complications following prosthetic device-based reconstructions but not autologous reconstructions. In a retrospective review of outcomes following breast reconstruction and PMRT, Hirsch compared patients who underwent a delayed reconstruction and an immediate reconstruction but were unable to demonstrate any differences in complication rates based on age, BMI, or smoking status [21] .
In conclusion, improved aesthetic outcomes can be obtained using a delayed-immediate reconstructive algorithm as compared to a delayed algorithm. Preservation of native mastectomy skin allows for improved skin/scar quality, breast contour, and overall aesthetic outcomes. This study is limited by the retrospective design as well as relatively small patients considered; however, associations between outcomes and the timing of the reconstruction relative to PMRT or smoking were identified. Further prospective evaluation would be useful to better understand the significance of increasing the time from radiation completion to ultimate autologous breast reconstruction on aesthetic outcomes.
